University of Pennsylvania

ScholarlyCommons
Technical Reports (CIS)

Department of Computer & Information Science

December 1989

MIRAGE: A Model for Ultra-High-Speed Protocol Analysis and
Design
Joseph D. Touch
University of Pennsylvania

David J. Farber
University of Pennsylvania

Follow this and additional works at: https://repository.upenn.edu/cis_reports

Recommended Citation
Joseph D. Touch and David J. Farber, "MIRAGE: A Model for Ultra-High-Speed Protocol Analysis and
Design", . December 1989.

University of Pennsylvania Department of Computer and Information Science Technical Report No. MS-CIS-89-79.
This paper is posted at ScholarlyCommons. https://repository.upenn.edu/cis_reports/812
For more information, please contact repository@pobox.upenn.edu.

MIRAGE: A Model for Ultra-High-Speed Protocol Analysis and Design
Abstract
Current protocols are expected to become inefficient if used at speeds in excess of 1 Gigabit per second.
While this premise is widely accepted, no model exists to explain the phenomenon. We define a model for
understanding protocols which is aimed at explaining why such a barrier exists, and indicates alternate
designs which do not have this limit.
Existing protocols are akin to classical mechanics; 1 Gigabit/second is the speed near which relativistic
effects emerge. In order to account for these effects, we need to express knowledge at a distance, latent
measurement, and uncertainty as real entities, not negligible estimates. The result is a model which
expresses not only existing protocols, and may contribute to a better understanding of the Gigabit
communications domain.
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Current protocols are expected to become inefficient if
used at speeds in excess of 1 Gigabit per second. While
this premise is widely accepted, no model exists to
explain the phenomenon. We define a model for
understanding protocols which is aimed at explaining
why such a barrier exists, and indicates alternate
designs which do not have this limit.
Existing protocols are akin to classical mechanics;
1 Gigabitlsecond is the speed near which relativistic
effects emerge. In order to account for these effects,
we need to express knowledge at a distance, latent
measurement, and uncertainty as real entities, not
negligible estimates.
The result is a model which
expresses not only existing protocols, and may
contribute to a better understanding of the Gigabit
communications domain.

1. INTRODUCTION
There is significant consensus that advancing the technology of future
national networks in the United States will require a fundamental
reexamination of protocol design [Gr87, Ra87, Po881.
A modification

of existing protocol techniques will not suffice; a "clean-sheet
approach," involving a revolution, rather than an evolution, in designs
is needed [Fa87, Ra871.
At the high communications rates (1 Gigabitlsecond) suggested for
future phases of the national research network, most implementations
are inadequate, because their efficiency deteriorates markedly.
Current protocols may have "design features that prevent them from
providing the service needed at higher speeds or in large systems"
[P088].
This rate has become a barrier to protocol design, commonly
circumnavigated by the use of application-specific optimizations.
Omission of node processing and restricting the protocol to a subset
specific to a particular domain, topology, or architecture are the more
common means used to adapt existing protocols to up to 500
Megabitslsecond, in very restricted cases [Ja88]).
The problem with these optimizations is not only their domain
specificity, but also the unrealistic environments in which these
speeds have been obtained. Usually, only two-node transfers of trivial
information over unrealistically small distances is tested. There is
no basis for assuming that these rates can be attained in a full-scale
national network with real data and delays or heterogeneous nodes and
data rates.
The proposed Mirage model indicates that the barrier is due to a
fundamental characteristic of raw data communication with a high
bandwidth-delay product. Mirage denotes the difficulty with highspeed protocols, in that by the time requested information arrives, it
may no longer be accurate. Nodes in a high speed network never really
"see" each other; rather, they work with (and around) the mirages
which time delay and high bandwidth conjure before them.
The model also suggests extensions to existing communication
techniques which operate under these conditions and minimize the
bandwidth that must be devoted to overhead, rather than to real
information transfer. These trade-off indications are needed if the
model is to be useful not only in analyzing existing or proposed
protocol designs, but also in indicating future designs as well.
Note that the Mirage model is not intended to be implemented directly
as a model, it is most useful in design and analysis. It may be
possible, however, to implement sub-structures such that they are
effectively computable. This may be one way to design new protocols
- as various sub-structures of the complete model.
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